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Abstract
In this short note, we pointed out that Warm inflationary scenario remains to be favoured over its cold
counterpart by the recently proposed conjectures, which aim to overrule de Sitter like constructions in
String Landscapes. On the other hand, the canonical cold (single-field slow-roll) inflationary models, which
were in tension with the previously proposed de Sitter conjecture, have now become even more unlikely
to realise in String Landscapes as these scenarios fail to cope up with both the conjectures, de Sitter and
trans-Planckian censorship, at one go.
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Over the past one year, the Swampland Conjec-
tures, proposed in [1, 2, 3], have been much de-
bated in the literature [4, 5], and it was rightfully
so as these conjectures tend to overrule any con-
struction of stable or meta stable de Sitter vaccum
in the String Landscapes, yielding it difficult to re-
alise inflationary as well as dark energy dominated
universes, two cornerstones of the standard model
of cosmology, in quantum field theories compati-
ble with quantum gravity theories, such as String
theory [5, 6, 7, 8]. A new conjecture, the Trans-
Planckian Censorship [9], has recently been pro-
posed along the same lines, which tends to constrain
the form of the scalar potentials, like its preceder.
In this conjecture, the well-known trans-Planckain
problem of inflationary cosmology [10, 11], which
raises the concern of crossing the Hubble radius
by sub-Planckian perturbations during inflation re-
sponsible for seeding the structures of the universe
at later stages, has been aimed to be avoided in the
String Landscapes. The ‘immidiate’ cosmological
consequences of this newly proposed conjecture has
been discussed in [12, 13, 14].
A quick glance at these recently proposed con-
jectures and the bounds set by them would help us
gauge the present scenario:
• The distance conjecture: This criteria lim-
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its the field range traversed by a scalar field in
the field space as [1]
∆φ
MPl
. d, (1)
where d ∼ O(1).1 This criteria favours small
field inflation over the large field ones.
• The (refined) de Sitter conjecture: This
condition puts bound on the form of the scalar
potential V (φi) as [2, 3]
MPl
|Vφ|
V
> c or M2
Pl
min(Vφiφj )
V
≤ −c′, (2)
where Vφ ≡ ∂V (φ)/∂φ, and c, c′ ∼ O(1).
For canonical single field inflation (with canon-
ical kinetic term and Bunch-Davies vacuum),
which would be the case under consideration
in this note,2 the above bounds on scalar field
1However, it was shown in [15] that taking the Hubble
scale during inflation smaller than the cutoff scale of quan-
tum gravity the bound translates into ∆φ/MPl . − log r, r
being the tensor-to-scalar ratio.
2Other extensions of the canonical picture, such as non-
Bunch-Davies vacuum [16] or non-canonical kinetic term [17,
18], are beyond the scope of this discussion
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potentials readily translate into bounds on the
slow-roll parameters as
ǫφ ≡ M
2
Pl
2
(
Vφ
V
)2
>
c2
2
,
or
ηφ ≡ M2Pl
Vφφ
V
≤ −c′. (3)
These bounds contravene either of the two
slow-roll conditions of inflationary dynamics
and are also in conflict with the present obser-
vations [17]. On the one hand, ǫφ > O(1) (in
which case ηφ can be less than unity) yields too
large tensor-to-scalar ratio r = 16ǫφ [6] to be in
accordance with the present bound r < 0.065
[19], and on the other hand, |ηφ| > O(1) (in
which case ǫφ can be less than unity) would
yield a tilted scalar spectrum ns − 1 = 2ηφ −
6ǫφ ∼ 2ηφ [20], ruled out by the present obser-
vation ns ∼ 0.9649±0.0042 [19]. Thus the (re-
fined) de Sitter conjecture directly challenges
construction of single-field slow-roll dynamics
in String Landscapes.
• The trans-Planckian censorship conjec-
ture: Aiming that no length scale smaller than
the Planck length lPl should leave the Hub-
ble horizon during a de Sitter evolution, it was
straightforwardly conjectured that [9]
(
af
ai
)
lPl <
1
Hf
, (4)
where af and ai are the scale factors at the
beginning and end of the evolution and H−1f is
the Hubble radius at the end of such evolution.
The above equation can be more conveniently
written as
eN ∼ af
ai
<
MPl
Hf
, (5)
where N is the number of e-foldings. This
bound has then been further massaged to put
bounds on the scalar potentials in field theories
residing in the String Landscapes [9].
For large field-range scenarios, this leads to the
bound
MPl
|Vφ|
V
≥ 2√
6
, (6)
which is in tune with the first of the two condi-
tions of the refined de Sitter conjecture. Hence
for large-field range scenarios, the quantum
field theory resides in String Landscapes, i.e.
satisfying both de Sitter and trans-Plackian
censorship conjectures, if only the first of the
two de Sitter conjecture conditions is main-
tained, i.e. ǫφ > 1 and ηφ < 1. However,
such scenarios are prone to be in tension with
the distance conjecture, and violate the obser-
vational constraint on r = 16ǫφ < 0.065.
For short field-range scenarios the trans-
Planckian censorship conjecture imposes a
milder constraint as
MPl
|Vφ|max
Vmax
>
φf − φi
24
ln
(√
3
Vf
)−2
, (7)
where |Vφ|max is the maximum of Vφ over the
field range [φi, φf ]. Thus, the short field-range
cases, which also obey the distance conjec-
ture, can satisfy either of the refined de Sit-
ter conjectures and reside in the field theo-
ries within String Landscapes. However, as
has been pointed out previously, the single-
field slow-roll inflationary scenario is in ten-
sion with both the refined de Sitter conjecture
conditions, and hence even the short-range sce-
narios doesn’t serve the purpose any better.
In a nutshell, neither the long-ranged nor the
short-ranged single-field slow-roll scenarios within
the cold inflation paradigm satisfy all the Swamp-
land conjectures, distance, de Sitter and the trans-
Planckian censorship conjecture, at one go, and
hence cannot be realised in String Landscapes.
It was first observed in [17] and was later illus-
trated in [21, 22] that Warm inflationary scenario
[23] is capable of evading the distance as well as
the de Sitter conjectures in contrast to the existing
cold single-field models. It was due to the dissi-
pative dynamics of the inflaton field during Warm
inflation,
φ¨+ 3Hφ˙+ Vφ = Γφ˙, (8)
that allows the slow-roll parameters to retain values
larger than unity (ǫφ, ηφ ≪ 1+Q, whereQ ≡ Γ/3H ,
Γ being the decay rate of the inflaton field into a
constant radiation bath) during inflation, helping
the scenario avoid the stringent constraints imposed
by the (refined) de Sitter conjectures. However, it
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was noted both in [21] and in [22] that the Warm
inflationary scenario evades these conjectures more
efficiently in the strong dissipative regime, when
Q≫ 1.
It was a tasking job to realise Warm inflation in a
concrete particle physics model [24], and the stum-
bling block has recently been overcome in Warm
Little Inflaton model [25] where the inflaton field
is a pseudo Nambu-Goldstone boson coupled to a
pair of light fermionic fields. However, this scenario,
with Γ ∝ T where T is the temperature of radiation
bath during inflation, is compatible with the obser-
vations only in weak dissipative regime (Q≪ 1). It
is due to the fact that dΓ/dT > 0 results in a sub-
stantial enhancement of inflaton fluctuations in the
strong dissipative regime with Q > 1 which then
yields a blue-tilted spectrum, ruled out by observa-
tions. The inflaton perturbations would be damped
in a strong dissipative regime only if dΓ/dT < 0 is
achieved. A Warm inflationary model [26], much
on the lines of the Warm Little Inflaton model,
has been very recently devised where the pseudo
Nambu-Goldstone boson inflaton couples also to
a pair of bosonic fields, yielding Γ ∝ T−1, and
hence allowing for Q as large as 100 for a quadratic
inflaton potential. Thus, it is obvious that such
Warm inflation models are in favour of realising in-
flationary dynamics in String Landscapes. It is also
worthwhile to note that in strong dissipative regime
the much-debated η-problem [27] of String Theory
is also greatly alleviated [26].
The newly devised trans-Planckian censorship
conjecture has thrown in new challenges to the in-
flationary dynamics by not only constraining the
scalar potentials, but also severely bringing down
the scale of inflation, as has been pointed out in
[12]. It was shown that the trans-Planckian censor-
ship condition stated in Eq. (5) can be translated
into a bound on the energy density (or energy scale)
during inflation as
V 1/4 < 6× 108GeV ∼ 3× 10−10MPl. (9)
This bound is independent of the nature of the dy-
namics that drives inflation. In generic cold infla-
tion model, driven by a single field, the scalar and
tensor power spectra turn out to be
PR = 1
8π2
(
H2
ǫφM2Pl
)(
k
k∗
)ns−1
≡ As(k∗)
(
k
k∗
)ns−1
,
PT = 2
π2
(
H2
M2
Pl
)(
k
k∗
)nT
≡ AT (k∗)
(
k
k∗
)nT
, (10)
respectively, where k∗ = 0.002 Mpc
−1 is the pivot
scale where the amplitudes of these spectra are mea-
sured. Using the Friedmann equation during infla-
tion, 3H2 = V/M2
Pl
, the observation of scalar am-
plitude As = 2.215 × 10−9 [19] and the bound on
V (φ) coming from the trans-Planckian censorship
conjecture, as stated in Eq. (9), one constrains the
slow-roll parameter ǫφ severely as [12]
ǫφ . 10
−32. (11)
Though, the slow-roll parameter ǫφ is not directly
observable, the observable quantity r, the tensor-to-
scalar-ratio which is the ratio of the amplitudes of
the tensor and the scalar powers, is proportional to
this slow-roll parameter (r = 16ǫφ). Thus a strin-
gent bound on ǫφ coming from the trans-Planckian
censorship conjecture puts an upper bound on this
observable as [12]
r . 10−31. (12)
Hence, any detection of r by the near future obser-
vations like BICEP3 [28] and LiteBIRD [29], which
will seek for tensor-to-scalar ratio within the range
r ∼ 0.001 − 0.01, would lead to a tension with the
newly proposed trans-Planckian censorship conjec-
ture.
We will add another remark which has not been
mentioned previously in [12, 13]. The bound on ǫφ,
as stated in Eq. (11), points out that the first of the
two conditions of the refined de Sitter conjectures
should be violated in single field inflation, if trans-
Planckian censorship conjecture is to be respected.
Moreover, in such a case, when ǫφ ≪ 1, the obser-
vation of scalar spectral index ns − 1 ∼ 2ηφ would
demand |ηφ| ≪ 1, violating the second option of
the refined de Sitter conjecture as well. Therefore,
it is important to note that canonical cold single-
field models fail to evade both the conjectures, de
Sitter as well as trans-Planckian censorship, at one
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go and hence cannot be realised in any field theory
residing in String Landscapes.
In Warm inflationary model, the scalar power in
the strong dissipative regime turns out to be [26]
PR ≃
√
3π
24π2
V (φ∗)
ǫφM4Pl
(
T∗
H∗
)
Q
5/2
∗
(
Q∗
Qc
)βc
, (13)
where 1 . Qc . 10, and βc ∼ −1.6 for Γ ∝ T−1,
with a scalar spectral index [30]
ns − 1 ∼ 3
4Q
(−3ǫφ + 2ηφ − 3βφ) , (14)
where βφ ≡ M2Pl(ΓφVφ)/(ΓV ) is another slow-roll
parameter in Warm inflationary dynamics. Besides,
as the tensor perturbations are not affected by the
dissipative dynamics of the Warm inflation, the ten-
sor spectrum retains the same form as that of in
cold inflation, yielding the tensor-to-scalar ratio in
Warm inflation as
r ≃ 16ǫφ√
3πQ
5/2
∗
(
H∗
T∗
)(
Q∗
Qc
)1.6
. (15)
The bound on the potential energy V com-
ing from the trans-Planckian censorship conjecture
(Eq. (9)), which is independent of the cold or warm
dynamics of inflation, will drive the slow-roll pa-
rameter ǫφ to very small values even in the case of
Warm inflation. In such a case the scalar spectral
tilt would become ns − 1 ∼ 3ηφ/2Q (ignoring βφ
by assuming Γ 6= Γ(φ)). Thus, one requires Q ∼ 20
with |ηφ| ∼ O(1) to meet the observed value of the
spectral index ns ∼ 0.9649 [19]. Therefore, with
Q ∼ 20, T∗ ∼ 103H∗ and Qc ∼ 10 the bound on
the potential energy from trans-Planckian censor-
ship would constrain ǫφ as well as r as
ǫφ . 10
−26, and r . 10−31. (16)
Therefore, the warm inflationary scenario, unlike
its cold counterpart, can be in accordance with
the trans-Planckian censorship conjecture as well
as with the refined de Sitter conjecture for poten-
tials yielding ǫφ ≪ 1 and ηφ ∼ O(1). In addition,
we note that the field traversed during Warm infla-
tion (in strong dissipative regime) can be written
as [21]
∆φ
MPl
∼
√
r
8
(
T
H
)
Q1/2∆N, (17)
which yields
∆φ ∼ 10−12MPl, (18)
indicating small-field dynamics which are in tune
with the distance conjecture. Also, in this regime
the trans-Planckian censorship conjecture puts
milder bounds on the form of the inflaton poten-
tials, as mentioned in the beginning.
It is well known that the small-field models suffer
from initial condition problem as they are not local
attractors in the initial condition space and fine-
tuning of the kinetic energy of the inflaton field is
called for to enter a slow-rolling regime (for a recent
review see [31]). This issue has also been pointed
out in [12] as a consequence of the constraints put
by the trans-Planckian censorship conjecture. Here
we note that simple manipulations yield the fine-
tuning of the inflaton kinetic energy φ˙SR to enter
the slow-roll dynamics to be
φ˙SR
φ˙i
∼ ǫ
1/2
φ
(1 +Q)1/2
∼ 10−13, (19)
demanding that the initial kinetic energy φi ∼ V .
But the fluctuation-dissipation dynamics [32] which
prevails in the pre-inflationary era of Warm infla-
tion is much more rich and thus a thorough analysis
of small-field dynamics in Warm inflation is called
for to concretely gauge the situation.
In conclusion: A quantum field theory capable
of evading all the three conjectures, distance, de
Sitter and trans-Planckian censorship, would reside
in a String Landscape and would be compatible
with quantum gravity theories. We pointed out
here, that the canonical cold inflationary models,
which were previously in tension with the refined
de Sitter conjecture [17], have now become incom-
patible with the two conjectures, de Sitter and
trans-Planckian censorship, taken together and
thus are unlikely to qualify to reside in String Land-
scapes any longer. However, the Warm inflationary
scenario in the strong dissipative regime, which
was quite in tune with the de Sitter conjectures
previously, has now shown to be compatible with
all the three above mentioned conjectures at one
go, and thus is more likely to be realised in String
Landscapes. Even though, one still needs to figure
out the Warm inflationary potential which would
yield a negligible ǫφ and |ηφ| ∼ O(1) to make the
scenario acceptable. We defer this analysis for
a future endeavour. Above all, it is well known
that small-field models, which are now preferred
by both distance and trans-Planckian censorship
conjectures, suffer from initial conditions problems
and a severe fine tuning of the initial kinetic energy
4
is required in such cases to onset inflation. The
pre-inflationary dynamics of Warm inflation is
much richer than the generic cold inflation and a
thorough analysis of the initial conditions problem
of small field models in Warm inflation is now
called for.
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